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WIHD-TOHNEL INVESTIGATION 01 * THE STABILITY OF THE JTTTISONABIE 
NOSE SECTION OF THE X-3 AIRPLANE 
By Stanley H. Scher 


SUMUAEY 


Because previous work has indicated that Jettlsonable nose sections 
of airpl ane s may he Inherently unstable , and thus may cause dangerous 
c entr ipetal accelerations on a pilot after Jettisoning during high-speed 
flight, an Investigation has been conducted In the Langley 20 -foot 
free -sp inning tunnel to determine the behavior In descent of a Tm-nini of 
the Jettlsonable nose section of the Douglas 1-3 airplane. Th« effects 
of varying the canter-of -gravity position, of attaching fins of various 
sizes, and of Installing a stabilizing parachute were Investigated. 

In thg Investigation the model descended with, its front end 
tri mme d 36° above the horizontal and rotated about a vertical wind e-riw 
while rolling about Its longitudinal body axis. The nose section was 
made to descend In a stable front -down attitude when stabilizing f ins 
were Installed In conjunction with movement of the center of gravity 
forward or when a stable parachute was attached to the model. 


INTRODUCTION 


The NACA Is conducting a general Investigation of methods of pilot 
escape from, high-speed aircraft. One method that hwj* been proposed for 
the 1-3 airp lan e end for several other recent designs Is to Jettison 
the nose of the airplane at a break -off station Immediately rearward of 
the pilot; after the nose has been Jettisoned its speed haa 
decreased, the pilot would leave the nose section descend with his 
perso nal parachute • Spin-tunnel experience with models of Jettlsonable 
nose sections of airplanes (references 1 and 2) has Indicated that the 
noses may be I nher ently unstable, and when Jettisoned at hi gh airspeeds 
may undergo rapid rotations which may cause dangerous accelerations on 
the pilot. The behavior of the Jettlsonable nose of- the 2-3 airplane 

has been Investigated at low speeds through tests of a i-ecale model 
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of the nose In the Langley 20 -foot free -spinning tunnel and the results 
are presented herein. The model simulated the nose section during Its 
descent toward the ground, assuming that it had ."bean Jettisoned clear 
of the main tody of the airplane. The effects on stability of varying 
the center -of -gravity location, of attaching fins of various sizes, and 
of Installing a stabilizing parachute were Investigated. 

Although It Is understood that the design of the proposed Jetti- 
sonable nose of the X-3 airplane has been altered since the present 
Investigation was completed, it is felt that the results presented 
herein will be of general Interest to the contractor and to other 
agencies concerned with the problem, of pilot escape at high airspeeds. 


SYMBOIS 


L 


X, Y, Z 


I X* 

p 

V 

ff 


c 


D 


r 

a 

e 


length of nose section. Inches (all center -of -gravity 

locations are expressed as a percentage of this length 
from, the front end of the nose section) 

longitudinal, lateral, and normal axes, respectively, 
through center of gravity of nose 

full-scale values of moments of inertia about the X-, Y-, 
and Z-axes, respectively, slug-feet 2 

air density, slugs per cubic foot 

full-scale airspeed, feet per second 

projected full-scale frontal area of nose section, square 
feet (I9.O for X-3 nose) 

drag coefficient of nose section 

distance between axis of rotation and pilot's head, feet 
rate of rotation of nose section, radians per second 
acceleration due to gravity, 32.2 feet per second squared 

centripetal acceleration, feet per second squared (m 2 ) 
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APPARATUS AND METHDD6 
Model 


A i-soale model of the Jettisonable nose section of the 1-3 air- 
plane -was constructed and prepared for testing at the Langley Laboratory. 
Photographs of the model are shown. iij. figure 1 and a sketch 
of the model Is shown in figure 2. The dimensions of various fins 
tested on the model are presented in figure 3 ■ The model was ballasted 
vlth lead weights to approximate dynamic similarity to the airplane nose 
section at an altitude of 15,000 feet (p • 0.001496 slug per cubic 
foot) . The weight, center -of -gravity location, and moments of inertia 
of the airplane nose section were obtained f r o m, information furnished 
by the contractor, and the mass characteristics of the model as tested 
are presented in table I in terms of the full-scale nose section. 


Wind Tunnel and. Testing Technique 

The tests were made in the Langley 20 -foot free -spinning tunnel, 
the operation of which Is, in general, similar to that described in 
reference 3 for the Langley 15 -foot free -spinning tunnel, except that 
models are now launched into the vertically rising air stream by hand 
rather than from a spindle. A photograph showing the Langley 20 -foot 
free -spinning tunnel and the model being tested Is shown as figure 4-. 
The tests Included launchings in which the model was held in the air 
stream at various angles of attack from 0° to lfl0°, and then released, 
and launchings In which the model was given rotation about each of Its 
three axes with the axes held alternately parallel with and perpen- 
dicular to the air stream. The behavior of the model after each 
launching was observed visually and, in addition, motion pictures were 
taken of the tests. 

In accordance with the present technique used in testing models 
of Jettisonable nose sections, various combinations of c enter -of - 
gravity location and fin installations were tested to determine 
arrangements which would make the model damp any applied rotation and 
descend in a stable front-down attitude. All values of rates of 
rotation and rates of descent as presented herein have been converted 
by methods similar to those explained in reference 3 to full-scale 
values for the airplane nose section at an altitude of 15,000 feet. 
Because of possible scale effects, the actual rates of rotation of the 
full-scale nose section may be somewhat different than the values pre- 
sented. For cases in which the model traveled with Its front end down 
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In the tunnel, no value for the rate of descent Is given because It 

exceeded the mil, mum airspeed of the tunnel, -which for the - s cale 
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model tested, represents a full-scale value of 1*79 feet per second 
(327 miles per hour) . 


TEST caUDZEIODB ARE PEECISIOE 


The fin arrangements and center-of-gravity locations tested on the 
model are Indicated In table H. The mass characteristics for the 
various center -of -gravity locations are listed In table I. 

The accuracy of measuring the -weight and mass distribution of the 
model Is believed to be within the following limits: 


Weight, percent ±1 

Center -of -gravity location. Inches 10.01 

Moments of Inertia, percent: 

% • *L5 

* ^5 

h ^ 


HEsstmrs are Discussion 


The results of the tests are presented In table H. 

OrlfH-nn.1 condition . - When the model In Its original condition 
(c.g. at O.719L, no fins Installed) was dropped Into the rising air 
stream, at any angle of attack, it Immediately began making Irregular 
oscillatory «nd sidewise movements In the tunnel. The model soon went 
Into a condition of equilibrium during which It rotated at a rate 
of 2.85 ra dians per second, full scale, about a vertical wind axis with 
the front of the model trimmed 3 6° above horizontal and at the same time 
it rolled about its longitudinal body axis at a rate of 2.50 radians 
per second, full scale. The model is shown In the equilibrium condition 
In the motion-picture strips in figure 5 ■ The equilibrium condition 
represents the behavior of the nose section after It has cleared the 
rest of the airplane and reached Its terminal rate of descent of 2l|2 feet 
per second, full scale. When the model was l aun che d with applied rota- 
tion, It soon damped the rotation and vent into the equilibrium condi- 
tion. Both axes about which the model rotated while in the equilibrium 
condition appeared to be approximately through the model center of 
gravity. Inasmuch as In the full-scale nose section the pilot Is 
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located near the center of gravity, the resulting centripetal acceler- 
ation ag acting an him as a result of the rotations will he very small 

(less than 1 negative longitudinal g at pilot's head due to rolling 

rotation) . Although determination of the behavior of the nose section 
at high speeds Is heyotnd the scope of the present investigation. It Is 
possible that when Jettisoned at high speeds the rotations of a nose 
which Is unstable at low speeds may be at correspondingly faster rates 
«.nrt the accelerations may therefore be higher and dangerous to a pilot. 
Reference 4 contains a discussion of the effects of acceleration on a 
man's body. 

Effect of center-of -gravity location . - When the center of gravity 
was moved forward from Its original location of O.719L to O.JjkL, the 
model s ome t ime s descended stably with Its front end down and sometimes 
descended in a condition similar to the previously described equilib- 
rium condition regardless of the method of launching. When the center 
of gravity was moved to 0 . 46 ^I> and the model was released into the air 
stream without applied rotation, the model descended stably with Its 
front end down; however, when launched with rotation about the normal 
body axis with the axis held parallel to the air stream, the model 
nearly always descended stably with Its front end down, but occasi ona l l y 
It descended In a condition generally similar to the previously 
described equilibrium condition. These results are in general agree- 
ment with the results of previous free -spinning -tunnel tests (refer- 
ence l) of a model of a symmetrical Jettis enable nose which Indicated 
that unless stabilizing fins were installed, the model was unstable 
even when its center-of -gravity was as far forward as O.3IL; however, 
the X-3 model showed a greater tendency to descend stably front down 
than did the aforementioned symmetrical model. 

Bffftot n-F fin — For the original center -of -gravity location 
(O.7I9L), the addition of fins was not sufficient to make the model 
assume a front -down attitude, even when the fins were of very large 
size. With the f ins Installed, the model trimmed at a high angle of 
attack and rolled about Its longitudinal axis at faster rates than It 
did with no fins Installed; however, the model did not rotate about a % 
vertical wind aria as It did with no fins installed. With fins of 
large area (fin arrangements C, 3 ), or E in fig. 3 ) Installed, the rate 
of rotation of the model about its longitudinal axis was faster than 
It was with smaller fins ( arrangements A or B) Installed, and the 
resulting centripetal acceleration at a pilot's head would be about 
2 negative longitudinal g- This acceleration Is somewhat more than 
that resulting from the previously described equilibrium condition 
obtained with no fins Installed. The model is shown rolling about its 
longitudinal axis, after rotation applied about Its normal axis has been 
damped, in the motion-picture strips of figure 7 • 
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When fin arrangement B -was Installed and the center of gravity 
was moved forward to O.JjkL, the model nose section damped any applied 
rotation and descended in a front -down stable attitude. The same 
result was obtained when larger fins C were installed and the center 
of gravity was moved forward to only O.632L. These results are In 
agreement with those of references 1 and 2, which indicate that If the 
center of gravity of a nose section Is not too far bach from Its front, 
the nose can be made to descend in a front -down stable attitude by 
installing suitable fins rearward of the center of gravity and that the 
amount of fin area required for front -down descent decreases as the 
center of gravity Is moved forward. 

Effect of fin aspect ratio . - Because results of previous work 
(reference 2) indicated that an increase In fin aspect ratio may have 
a beneficial effect on the stability of nose section models, brief 
tests were made to determine the effect of increasing fin aspect ratio 
for the 1-3 nose model with the original center- of “gravity location 
(O.7I9L). Tor these tests, triangular fins of aspect ratio 2 (fin 
arrangement T in fig. 3) having the same area as fin arrangement C 
(aspect ratio l) were installed on the model. The stability of the 
model with the increased -aspect -ratio fins was not appreciably Im- 
proved over Its stability with the lower -aspect -ratio fins, although 
the rate of rotation about the longitudinal axis was slightly less. 

Stabilizing parachutes . - With the model In its original condition 
without fins, brief tests were made in which a stable-type parachute 
on the end of a towline was attached to the center of the back end 
(break -off station) of the nose section of the model. The model then 
descended in a front -down stable attitude. The stable parachute used 
was a hemispherical -type high -porosity parachute with a projected 
hemispherical diameter of 8.1 feet (full scale) . The shroud lines 
were 2 h . 3 feet long and the towline was 8.1 feet long (full-scale 
values). This parachute had a drag coefficient of 1.11, based on Its 
projected hemispherical diameter., and the full-scale equilibrium rate 
of descent of the nose and parachute was 2 69 feet per second (183 nph) . 
By varying the diameter, drag coefficient, or towline length of a 
stable parachute, any desired equilibrium rate of descent of the nose 
section should be obtainable. The present result Is in agreement with 
results presented in references 1 and 2 which Indio ate that airplane 
Jettlsonable nose sections can be made to descend In a stable front - 
down attitude by use of a stable parachute. As indicated in refer- 
ences 1 and 2, however, same problems which must be considered in 
connection with use of a stabilizing parachute at high speeds are: 

(l) fouling of the parachute on the remainder of 'the airplane during 
separation, (2) possibility of dangerous rotations developing before 
the parachute opens, and (3) shock loads connected with opening of the 
parachute. 
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CONCLUBIQHB 


Based on results of tests made In the Langley 20 -foot free -spinning 
tunnel on a —-scale model of the Jettisanable nose section of the 

23 

X -3 airplane, the following conclusions are drawn regarding the Behavior 
of the airplane nose section: 

1. After reaching Its equilibrium, rate of descent, the nose section 
will descend with Its front trimmed 36 ° above horizontal while rotating 
both about a vertical wind axis and about Its longitudinal body axis. 

2. The nose section can be made to descend In a stable front-down 
attitude by Installing stabilizing fins In conjunction with movement 
of the center of gravity forward or by use of a stable parachute. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Ya. 

Stanley H. SchBr 
Aeronautical Research Scientist 



Approved: 

Chief 


Thomas A. Harris 
of Stability Research Division 
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TABLE I. - TOLL-SCALE! VALUES 07 MASS CHARACTERISTICS 
BUR THE OBINTRR -OF -GBAVUY IOCATIONS TESTED ON 

THE —-SCALE MODEL 07 THE J3ETTIS0NABLE NOSE 
23 

SECTION 07 THE 2-3 AIRPLANE 

Moments of Inertia about the 


Center -of -gravity L center of gravity 


location 
(percent length, 
from front) 

Weight 

(lb) 

X X 

(slug -ft 2 ) 

% 

(slug -ft 2 ) 

X Z 

(slug -ft 2 ) 

71.9 

(original) 

2710 

79 

2000 

2000 

63.2 

2766 

185 

4329 

1j£35 

57-4 

27^ 

58 

4700 

4733 

46.4 

2782 

254 

81198 

8523 












KACA BM No . LSELfia 


tabiz n.- HwmiB ar : 


E-BPimmo-mEL Term ar a ^L-sojeiz keel ar raa 


aa o noj or the 1-3 jihpud 

■ad of rotation ar* given In tern of full-eoale ■ 



Tin axx 

anganant an nose 

Desig- 

nation 

Inter 

BPPI 

(«. 

««• 3) 

of 

flna 

of braak-off 
station 

to 



Descri ption oT notion of nodal daaoant 


Ifcdal tr lm d. vlth front agmUnately 36° above horizontal 1 
rotated at 2.83 radlaaa far second abo ut a Tarbloal vlad 
axla at 11 a rolling about longitudinal bod/ axla at 2.30 
radlaaa par aaaccd (rate of daaoant vu SW ft par aao or 
165 nsb)j Ojj use 3.-25 


Modal aooatlnaa loat any applied rotation and fleaoenilert In 
front-dean atabla attitude) nodal aonatlnaa trlawd vlth 
front ajpmrT natal j 3d 0 balsa horizontal and rotatad at 
£.07 radlaaa par anormfl about a Tartloal vlod axla while 
rolling about longitudinal bod/ axla at approximately 
2 radlaaa par ascend (rata of daaoaxb van appmn natal/ 
259 -ft par aao or ITT nflO 


Medal traralad bactarerd 1 


1 tmnnal and rolled about Lta 


longitudinal bod/ axla at 1.0V radlaaa par aaoend) nodal 1 
oooaalonaal pitching aotlcna during vhloh. front vast 1 T° a 3 
and baloa- horizontal (rata of daaoant vaa 239 ft par aao 
or 176.3 ash} 


Jfodal aonatlnaa traralad forvard aoroaa and rolled about 

lta longitudinal bod/ axla at approximate! / 6 radlaaa par 
■aoand vhlla lta fruit vu pitching ±11° .fr om horizontal 
(rata of daaoant vu 192.3 ft par aao or 131 ugh}) nodal 
■matinee loat an/ applied rotation, and daaoandad In front- 
down stable attitude 



awwwM i Wn i 


2, 6, 10 
o'oloot 

Model loat an/ applied rotation and daaoandad in front-doan 
■table attitude. 

2, 6, 10 
s'okdt 

Slnllar to condition 6, except rate of rotation m agproxlna 
2 radians par aacond) also, asm Una nodal deaoandsd in . 
front -t art T call/ -up atable attitude (100° angle of attack} 

tel/ 

k, 8, IS 
0 ’clock 

Blnller to condition 6, except rata of rotation vu approxlnatelz 
2 radlaaa par aacond) homer, batter than conditions 6 or 
11 In that atable front-dean deaott ooourrad ralatlval/ 
non tinea - 

o'olook 

Model lent an/ applied rotation and desponded In froxrb-doim 
atable attitude 

3 , 6, 9 , 12 
o’elook 

Dp. 


“for tfarne-fln u 
h/ ooctrootor 


an anqn anfia r alternate fin poaltlona of 2, 6 r 10 o'olook and V, 8, 1£ o'clock 1 
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Figure 1« - Photographs of the JL-scale model of the jettisonable nose of 
the 2- 3 airplane tested in the Langley 20-foot free- spinning tunnel * 
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Figure 2.- Sketch of the -L.-scale model of the jettlsonable noae section of the 

Douglas 1-3 airplane tested in the free -spinning tunnel- Dimensions are full- 
scale values. Center of gravity shown in original position. 
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Table of fin dimensions 


Fin 

desig- 

nation 

5paph 
i in, 

Area, 5 
sq.ft. 

Aspect 

ratio, 

% 

Taper 

ratio 

a 

A 

19.0 

3.36 

0.745 

0.25 

6 

22,0 

3.36 

1.0 

0.25 

c 

43.9 

13.40 

1.0 

025 

D 

53. 8 

20.13 

1.0 

0.25 

E 

62.1 

26.80 

1.0 

0.25 

f 

63.0 

13.40 

3.0 

0 


a Dimensions specified by 
contractor. 



Figure 3.- Eelative sizes and full-scale dimensions of fins tested on the i-scale 
model of the jettisons! le nose section of the X-3 airplane. 
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Figure 4.- Photograph showing the test section of the Langley 20 -foot 
free -spinning tunnel, and. the ---scale model of the jettisonahle nose 

of the X-3 airplane "being tested. Arrow indicates model. 
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Figure 5 • ~ Motion~picture strips of the -L-scale model of the jettisonable 

nose section of the X~3 airplane tested in the Langley 20 -foot free- 
spinning tunnel. Original center -of -gravity position, no fins 
installed. Model shown in equilibrium condition. Camera speed, J| 

32 frames per second. 
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Figure 6.- Mot-ion- picture strips of the JL-scale model of the jettisonable 
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nose section of the X-3 airplane tested in the Langley 20-foot free- 
spinning tunnel. Original center -of -gravity position, fins B 
installed. Model shewn damping an applied rotation about its normal 
axis and starting -to roll about its longitudinal axis . Camera speed, 
32 frames per second. „ 
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Figure 6 . - Concluded. 
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Parachutes 1 • 11 

Bodies 1*3 

Airplanes - Specific Types 1 . 7 . 1.2 

Stability, Longitudinal - Dynamic 1.8. 1.2.1 

Stability' - Lateral and Directional - Dynamic 1.8. 1.2. 2 

Hass and Gyroscopic Problems 1.8.6 

Safety 7 * 1 

ABSTRACT 

The stability of the Jettls enable nose section of the X-3 airplane 
been Investigated at low speeds in the Langley 20 -foot free -spinning 
tunnel. The model descended with its front end 36 ° above the horizontal 
rotated about a vertical wind axis while rolling about Its longi- 
tudinal body axis. Stable front -down descent was obtained whan suitable 
stabilizing fins were Installed and the center of gravity was moved 
forward. 
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